Syntheses and biological evaluation of indolocarbazoles, analogues of rebeccamycin, modified at the imide heterocycle.
A series of 10 indolocarbazole derivatives, analogues to the antitumor antibiotic rebeccamycin, bearing modifications at the imide heterocycle were synthesized. They bear an N-methyl imide, N-methyl amide, or anhydride function instead of the original imide. Their inhibitory potencies toward topoisomerase I were examined using a DNA relaxation assay and by analyzing the drug-induced cleavage of 32P-labeled DNA. Protein kinase C (PKC) inhibition and interaction with DNA were also studied together with the in vitro antiproliferative activities against B16 melanoma and P388 leukemia cells. The antimicrobial activities against two Gram-positive bacteria (Bacillus cereus and Streptomyces chartreusis), a Gram-negative bacterium (Escherichia coli), and a yeast (Candida albicans) were tested as well as their antiviral activities toward HIV-1. The efficiency of the anhydride compounds was compared to that of the parent compound rebeccamycin and its dechlorinated analogue. All the compounds studied were inactive against PKC. The structural requirements for PKC and topoisomerase I inhibition are markedly different. In sharp contrast with the structure-PKC inhibition relationships, we found that an anhydride function does not affect topoisomerase I inhibition, whereas a methyl group on the indole nitrogen prevents the poisoning of topoisomerase I. The compounds exhibiting a marked toxicity to P388 leukemia cells had little or no effect on the growth of P388CPT5 cells which are resistant to the topoisomerase I inhibitor camptothecin. This study reinforces the conclusion that the DNA-topoisomerase I cleavable complex is the primary cellular target of the indolocarbazoles and significantly contributes to their cytotoxicity and possibly to their weak but noticeable anti-HIV-1 activities. The structure-activity relationships are also discussed.